Introduction: Several studies regarding the association of the ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1) K121Q gene polymorphism with the risk of type 2 diabetes mellitus (T2DM) showed inconsistent results. This study aimed to investigate the association of ENPP1 K121Q gene polymorphism with T2DM risk using meta-analysis. The study was limited to the American, European, and African populations.
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is the most common form of diabetes worldwide (1) , and includes a complex group of chronic metabolic disorders characterized by hyperglycemia. This is the result of two distinct pathophysiological states: a) defects in insulin secretion caused by impaired pancreatic β-cell function and b) disruption of insulin action caused by insulin resistance in muscle, fat, and the liver (2) (3) (4) . T2DM is multifactorial in origin with both genetic and environmental factors contributing to its development. The prevalence of T2DM has increased over time. T2DM affected approximately 4% of the world's adult population (1) . The World Health Organization (5) estimated that the prevalence and number of people with diabetes in 2014 was 25 million in African, 62 million in American, and 64 million in European population. While DeFronzo (2) reported that approximately 15.6 million persons have T2DM, and about 13.4 million have impaired glucose tolerance in the United States (US), a study by Wild et al. (6) reported that the prevalence of diabetes for all age groups worldwide was estimated to be 2.8% in 2000 and 4.4% in 2030 year. The mortality number caused by T2DM has also increased. The total burden of deaths from high blood glucose1 in 2012 was estimated to be 3.7 million. This number includes 1.5 million diabetes deaths and an additional 2.2 million deaths from cardiovascular diseases, chronic kidney disease, and tuberculosis related to higher-than-optimal blood glucose. The largest number of deaths resulting from high blood glucose occurs in upper-middle income countries (1.5 million) and the lowest number in low-income countries (0.3 million). The mortality rate per 100 000 population was 111.3 in African, 72.6 in American, and 55.7 in European population. The total annual expenditure for T2DM has been increasing. Based on the cost estimates, direct annual cost of diabetes to the world is more than US$ 827 billion (5) . T2DM is a complex disorder resulting from an interaction between genes and environment (7) . Recently, ectonucleotide pyrophosphatase/phosphodiesterase 1 (ENPP1) gene variants have been identified to have a significant functional role in determining susceptibility to T2DM (8) .
ENPP1, also known as plasma cell alloantigen 1 (PC1), is an enzyme involved primarily in hydrolysis of ATP at the cell surface (9) . The enzyme is highly expressed in adipocytes and is also found in other tissues involved in glucose and lipid metabolism, including liver, skeletal muscle, and β-cells of the pancreas (10) . ENPP1 is a transmembrane glycoprotein that down-regulates insulin signaling in cells by inhibiting the tyrosine kinase activity of the insulin receptor (IR), perhaps by interaction with its α-subunit (11) . The ENPP1 is a promising candidate gene for T2DM because it inhibits autophosphorylation of IR and impairs insulin signaling downstream of IR (12) . A study found that the 121Q variant had a greater inhibitory action on IR compared to the 121K variant (13 (20) showed that the ENPP1 K121Q gene polymorphism was associated with increased risk of T2DM. Whereas several other studies (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) showed that the ENPP1 K121Q gene polymorphism had no significant association with increased risk of T2DM. A meta-analysis study is required to determine the actual association of the above-mentioned studies.
This study aimed to investigate the association between the ENPP1 K121Q gene polymorphism and the risk of T2DM using meta-analysis. The results of this study are expected to be useful for the future treatment and prevention of T2DM. Besides, the study is also expected to be useful as a comparison to other studies on the ENPP1 K121Q gene polymorphism and T2DM.
METHODS

Study designs
A meta-analysis was conducted to assess the association of the ENPP1 K121Q gene polymorphism with the risk of T2DM. To achieve this goal, several studies regarding the association between the ENPP1 K121Q gene polymorphism and the risk of T2DM were collected for calculating combined odds ratio (OR) 95% confidence interval (CI) and 78 assessed using fixed or random effect model. Article search was conducted in Pubmed and Embase. The study was conducted from January to May, 2016.
Study procedures
The procedures of this study were (1) to identify potentially relevant studies through Pubmed and Embase database search, up to April 20 th , 2016, (2) to determine eligibility of the study; the exclusion was performed using several steps, i.e.: (a) by reading the title and abstract, (b) study designs complied with the inclusion criteria, (c) study provided sufficient data to calculate OR 95% CI, (3) collecting abstract and full text data from the studies, (4) collecting the data for calculating OR 95% CI, and (4) analyzing data statistically.
Eligibility criteria and data extraction
The eligibility criteria consisted of predefined inclusion and exclusion criteria. Studies were included in the analysis if they met the following inclusion criteria: (1) case-control; (2) cohort; (3) cross-sectional studies; (4) randomized-controlled trials (RCTs); (5) controlled before-and-after studies; (6) cross-over studies; (7) evaluating the associations of the ENPP1 K121Q gene polymorphism with the risk of T2DM; and (8) providing sufficient data for calculation of OR 95% CI. Required data were extracted from each study for calculating OR 95% CI. In addition, the following information was extracted from each study: (1) name of first author; (2) year of publication; (3) country of origin; (4) sample size of cases and controls, (5) size of each allele.
Search strategy and literature
PubMed and Embase were searched with no language restrictions, using specified search terms to identify studies published up to April 20 th , 2016. The search strategy involved the use of combination of the following key words: (ENPP1 K121Q gene or ectonucleotide pyrophosphatase/phosphodiesterase 1 K121Q gene) and (variant or variation or polymorphism) and (T2DM or type 2 diabetes mellitus). The publication languages were restricted to English. The reference lists of retrieved articles were hand searched. If more than one article was published using the same study data, only the study with the largest sample size was included. We used a scoring system to evaluate the quality of the studies. We used a quality assessment score modified from previous meta-analysis for observational studies. Total scores ranged from 0 (worst) to 9 (best). A study was considered low quality if scores were <6, and high quality if scores were ≥6 (33) .
Study variables
ENPP1 K121Q gene
ENPP1 is a transmembrane glycoprotein that down-regulates insulin signaling in cells by inhibiting the tyrosine kinase activity of the insulin receptor (11) . The measurement results of this variable were each allele in ENPP1 K121Q gene including dominant (K), recessive (Q), dominant homozygous (KK), recessive homozygous (QQ), and heterozygous (KQ). Data were obtained by searching strategy. Nominal scale was used to assess this variable.
Risk of T2DM
T2DM is a complex group of chronic metabolic disorders characterized by two distinct pathophysiological states: a) defects in insulin secretion caused by impaired pancreatic β-cell function and b) disruption of insulin action caused by insulin resistance in muscle, fat, and the liver (2-4). The measurement results of this variable were increased or decreased risk of T2DM. The data were obtained by searching strategy. Nominal scale was used to assess this variable.
Statistical analysis
The correlation of the ENPP1 K121Q gene polymorphism with the risk of T2DM was estimated by calculating pooled ORs and 95% CI. The significance of pooled ORs was determined by Z tests (p < 0.05 was considered statistically significant). A Q test was performed to evaluate whether the heterogeneity existed. Random effect model was used to calculate OR 95% CI if heterogeneity existed (p < 0.10). Fixed effect model was used to calculate OR 95% CI if no heterogeneity existed. Publication bias was assessed by Egger's test (p < 0.05 was considered statistically significant). Subgroup analyses based on the continent (Europe, America,
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and Africa) and sample size (small <400, large ≥400 samples) were also performed. A comprehensive meta-analysis (CMA) 2.0 was used to analyze the data.
RESULTS
Characteristics of the studies
A total of 72 potentially relevant papers were identified based on the search strategy. Among these, 24 papers were excluded because of obvious irrelevance by reading their titles and abstracts. After the full texts were read, 20 papers were excluded because the population was not American, European, or African; three papers were excluded because they did not provide sufficient data for calculating OR with 95% CI. In addition, six reviews were excluded. A flow chart demonstrating the inclusion or exclusion of the studies is displayed as Figure 1 . A total of 19 studies were included in the meta-analysis. Twelve studies included European, four studies included American, and three studies included African population. Table 1 Table 2 . In the subgroup analysis, the ENPP1 K121Q gene polymorphism was associated with the risk of T2DM in three genetic models of the Europe continent subgroup (K vs. 
Source of heterogeneity
Evidence for heterogeneity (p < 0.10) between studies was found in four genetic models (K vs. Q p H < 0.001; KK vs. KQ + QQ p H < 0.001; KQ vs. KK + QQ p H < 0.001; Q vs. K p H < 0.001) and one genetic model had no heterogeneity (QQ vs. KK + KQ p H = 0.350). Therefore, four genetic models in this study were assessed using random effect model, and one genetic model was assessed using fixed effect model. Summary evidence of heterogeneity regarding the correlation of ENPP1 K121Q gene polymorphism with T2DM is described in Table 2 . In the subgroup analysis, evidence for heterogeneity was found in all genetic models of the America continent subgroup (K vs. Q p H < 0.001; KK vs. KQ + QQ p H < 0.001; KQ vs. KK + QQ p H < 0.001; Q vs. K p H < 0.001; QQ vs. KK + KQ p H = 0.056), two genetic models of the Africa continent subgroup 
DISCUSSION
Overexpression of ENPP1 has been implicated in the pathology of a number of diseases, including T2DM. ENPP1 is a transmembrane glycoprotein that inhibits the tyrosine kinase activity of IR and down-regulates insulin signaling in cells (11) through inhibiting the autophosphorylation of IR and impairing insulin signaling downstream of IR (12) . A study found that the 121Q variant has a greater inhibitory action on IR than does the 121K variant (13) . Because of the effects of ENPP1 on IR signaling, a series of studies have focused on the contribution of polymorphisms within ENPP1 cluster genes to the T2DM risk. However, results have been contradictory. This study reported the association of ENPP1 K121Q gene polymorphism with T2DM risk, although the power of this meta-analysis was limited due to the size and heterogeneity of studies. Summary of ORs 95% CIs, correlation, heterogeneity, and Egger's test regarding the correlation of ENPP1 K121Q gene polymorphism with T2DM is described in Table 2 , while study characteristics are described in Table 1 . Forest plot regarding the correlation of ENPP1 K121Q gene polymorphism with T2DM is described in Figure 2 for K vs. Q model. Previous similar meta-analysis studies reported the correlation of ENPP1 K121Q gene polymorphism with the risk of T2DM in distinct populations. Li (34) conducted a meta-analysis study regarding the association of the ENPP1 K121Q gene polymorphism with the risk of T2DM in Chinese population. He found that the ENPP1 K121Q gene polymorphism was in correlation with T2DM susceptibility (OR 95% CI = 1. However, these results should be interpreted with caution because the relatively small sample size or multiple testing could drive false positive findings. The results of the study also showed the tendency of the Q allele of ENPP1 K121Q gene to correlate with an increased risk of T2DM, while the K allele of ENPP1 K121Q gene correlated with a reduced risk of T2DM. The mechanism underlying these results is complex and difficult to explain. However, it is alleged that the mechanism involving ENPP1 and insulin resistance has an important role in the process. Although the primary factors causing T2DM are unknown, it is clear that insulin resistance plays a major role in T2DM development (40, 41) . The mechanism of insulin resistance is a complex, involving several genes including ENPP1. The role of ENPP1 in T2DM is associated with impaired insulin signaling. ENPP1 binds to IR molecule, thereby inhibiting insulin-induced conformational change (42) that leads to IR autophosphorylation and tyrosine kinase activation (25, 43) . Inhibition 84 of this conformational change is caused by protein interaction. The change in the exon 4 of ENPP1 gene which leads to a lysine (K) to glutamine (Q) substitution in codon 121 (K121Q) might influence protein-protein interactions. Furthermore, the Q allele of ENPP1 K121Q gene has been shown to influence ENPP1 protein function by inhibiting insulin receptor function and insulin signaling (44) . This is because the 121Q variant binds to IR with higher affinity than the 121K variant (25) and is more potent in inhibiting IR autophosphorylation (43) . This might explain the results of this study which indicated that the Q allele of ENPP1 K121Q gene correlated with an increased risk of T2DM.
There were several limitations in the meta-analysis. First, this analysis was primarily based on unadjusted effect estimates. Therefore, the potential covariates including age, gender, body mass index, environmental factors such as smoking, and level of blood glucose, which might influence the effect estimates, were not controlled for. Second, the possibility of a false negative remains due to the small size of the studies even when combined. Thus, further studies with larger sample size are required to investigate the associations.
CONCLUSION
In summary, this meta-analysis suggested that the ENPP1 K121Q gene polymorphism was associated with decreased and increased risk of T2DM in the American, European, and African populations. Further studies considering gene-environment interactions should be conducted to investigate the associations between the ENPP1 K121Q gene polymorphism and the risk of T2DM. 
